Objectives. This study evaluated the diagnostic performance of anti-carbamylated protein (anti-CarP) and anti-citrullinated fibrinogen (ACF) antibodies in rheumatoid arthritis (RA). Methods. We searched the Pubmed, Embase, and Cochrane library databases, and performed two meta-analyses on the diagnostic accuracy of anti-CarP and ACF antibodies in patients with RA. Results. The meta-analysis included data from 12 studies. Of these, seven studies, which included 1,749 patients and 1,044 controls, examined anti-CarP antibody, and five studies, which included 733 patients and 1,178 controls, examined ACF antibody. The pooled sensitivities and specificities of anti-CarP antibody were 43.9% (95% confidence interval [CI], 41.6∼ 46.3) and 94.5% (95% CI, 93.0∼95.8), respectively, and those of ACF antibody were 68.3% (95% CI, 64.9∼71.6) and 95.8% (95% CI, 94.5∼96.9), respectively. The positive likelihood ratio (PLR) of anti-CarP antibody were 9.901 (95% CI, 5.005∼ 19.58), negative likelihood ratio (NLR) was 0.597 (95% CI, 0.541∼0.658), and diagnostic odds ratio (DOR) was 14.64 (95% CI, 8.004∼34.45). For ACF antibody, PLR was 16.14 (95% CI, 10.23∼25.42), NLR was 0.292 (95% CI, 0.192∼0.444), and DOR was 58.61 (95% CI, 26.61∼129.1). There were no significant difference in sensitivity, specificity, PLR, NLR, AUC, or Q* index between ACF and anti-cyclic citrullinated peptide (anti-CCP) in the diagnosis of RA. Conclusion. Our meta-analysis demonstrates that both anti-CarP and ACF antibodies are highly specific for diagnosing RA. However, while ACF and anti-CCP showed comparably high diagnostic accuracy, anti-CarP antibody showed low sensitivity in diagnosing RA. (J Rheum Dis 2016;23:373-381)
INTRODUCTION
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic inflammation of synovial joints that leads to disability and loss of quality of life [1] . Early diagnosis of RA is important to prevent joint damage and to improve prognosis by initiating treatment early [2] .
Although American College of Rheumatology (ACR) criteria recommend the detection of rheumatoid factor (RF) in serological tests used to diagnose RA, these tests are nonspecific, because RF may also be present in healthy individuals or in patients with other autoimmune diseases [3] . The most specific RA autoantibodies are those that target citrullinated antigens [4] , with anti-cyclic citrullinated peptide (anti-CCP) antibody being highly specific. However, several new antibodies have been studied in RA, such as those of citrullinated fibrinogen and carbamylated protein [5] .
Carbamylation is a posttranslational modification similar to citrullination that is mediated by cyanate, which modifies lysine residues [6] . The level of cyanate in-creases with smoking and inflammation, and is increased in RA [7] . Anti-carbamylated protein (anti-CarP) antibodies, like anti-CCP antibodies, have been observed in patients before the onset of clinical RA symptoms and have been associated with the development of RA [8] . Citrullinated fibrin (for which fibrinogen is the soluble precursor) is abundant in inflamed RA synovium, and it is a major target in RA synovial tissue [9] . Thus, the presence of citrullinated fibrinogen in the synovial membranes of RA patients has led to its use in assays of serum antibodies against deiminated fibrinogen [9] . Anti-citrullinated fibrinogen (ACF) antibodies have been detected in the sera of RA patients, and ACF has been compared to anti-CCP with respect to diagnostic accuracy in RA [10] [11] [12] [13] . However, it remains uncertain whether the overall diagnostic values of ACF antibodies are comparable to anti-CCP antibodies.
Until now, the exact clinical significance of anti-CarP and ACF in the diagnosis of RA has remained unclear.
Studies assessing the diagnostic value of these antibodies in RA have provided inconsistent results [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . This may be because of small sample sizes, low statistical power, and/or clinical heterogeneity in studies. In order to overcome the limitations of individual studies [21] [22] [23] , we performed a meta-analysis to assess the diagnostic accuracies of anti-CarP and ACF antibodies, and to compare the diagnostic values of ACF antibody with those of anti-CCP antibody in RA.
MATERIALS AND METHODS

Identification of eligible studies and extraction of data
We utilized the PubMed, Embase, and Cochrane library databases to identify articles published up to March 2016 that presented the diagnostic accuracies of anti-CarP and ACF antibodies in patients with RA. In addition, all references mentioned in these reports were reviewed to identify articles not indexed in the electronic databases. The following keywords and subject terms were used: "anti-carbamylated," "citrullinated fibrinogen," "ACF," "sensitivity," "specificity," "rheumatoid arthritis," and "RA." Studies were included in the meta-analysis if they (1) examined the diagnostic accuracy of anti-CarP and ACF antibody; (2) included sufficient data to calculate the sensitivity and specificity of anti-CarP and ACF in patients with RA; and (3) included patients with RA based on diagnostic criteria, healthy controls, and patients with non-RA rheumatic diseases. No language restriction was applied. Studies were excluded if they (1) included overlapping data or (2) did not include healthy or diseased controls. Data were extracted from the methods and results of the original studies by two independent reviewers. Discrepancies between the reviewers were resolved by consensus. The meta-analysis was conducted in accordance with the guidelines presented in the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement [24] . Information on author, publication year, demographic characteristics of participants, and sensitivity and specificity of Anti-CarP and ACF antibodies was extracted from each report. In addition, raw data on anti-CarP and ACF were extracted from primary reports to complete four cells (true positive, false positive, true negative, and false negatives values) in a diagnostic 2×2 table. The quality of each study included in the meta-analysis was assessed using Quality Assessment of Diagnostic Accuracy Studies (QUADAS) criteria [25] .
Evaluation of statistical associations
Within-and between-study variation and heterogeneities were assessed using Cochran's Q statistic. This test assessed the null hypothesis that all studies evaluated the same effect. The effect of heterogeneity was quantified using I 2 with a range between 0% and 100%, representing the proportion of between-study variability attributable to heterogeneity rather than to chance [26] . I 2 values of 25%, 50%, and 75% were nominally assigned as low, moderate, and high, respectively. A fixed-effects model assumes that a genetic factor has a similar effect on disease susceptibility across all studies investigated and that the observed variation among studies are caused by chance alone [27] . A random-effects model assumes that different studies show substantial diversity and assesses both within-study sampling error and between-study variance [28] . When study groups are homogeneous, the two models are similar. However, when study groups lack homogeneity, the random-effects model provides wider confidence intervals (CIs) than the fixed-effects model. The random-effects model is the most appropriate when there is significant between-study heterogeneity [28] . In the present study, we used a random-effects model to combine estimates of the sensitivity, specificity, positive and negative likelihood ratios (PLR and NLR, respectively), and diagnostic odds ratio (DOR) and analyzed summary receiver operating characteristic (SROC) curves. DOR is a unitary measure of diagnostic performance that in- cludes both sensitivity and specificity or both PLR and NLR that is regarded as a suitable global measure of accuracy used to compare the overall diagnostic accuracies of different tests [29] . Because sensitivity and specificity are interdependent variables, their independent calculation may result in an underestimation of these values. SROC curve analysis is more appropriate because it accounts for this mutual dependence. Area under the curve (AUC) (in this case, area under the SROC curve) provides an overall summary of test performance and shows the trade-off between sensitivity and specificity. An AUC value of 1.0 (100%) indicates perfect discriminatory ability of a diagnostic test [30] . The Q* index is another useful global estimate of test accuracy used to compare SROC curves. It is defined as the point at which sensitivity is equal to specificity on an SROC curve; moreover, it is the point on an SROC curve that is intersected by an anti-diagonal. A Q* index value of 1.0 indicates 100% accuracy (i.e., sensitivity and specificity of 100%) [30] . In the present meta-analysis, statistical manipulations were performed using Meta-DiSc version 1.4 (Hospital Universitario Ramon y Cajal, Madrid, Spain) [31] .
Evaluation of heterogeneity and meta-regression
Between-study heterogeneity observed in a meta-analysis indicates variability in results across studies. A threshold effect is the most important cause of heterogeneity. Different sensitivities and specificities resulting from various study conditions lead to different threshold effects.
We used the Spearman correlation coefficient between the logit of sensitivity and the logit of 1-specificity to detect the threshold effect [31] . In addition, a meta-regression analysis was performed to determine the possible source of heterogeneity in the meta-analysis using the following covariates: (i) study quality, (ii) sample size, (iii) type of control group, and (iv) ethnicities of participants.
RESULTS
Studies included in the meta-analysis
We identified 311 studies through electronic and manual searching. Of these, reports of 24 studies were selected for full-text review based on their titles and abstracts. Twelve of the 24 studies were excluded because they had duplicate or insufficient data on diagnostic accuracy. Thus, 12 studies that assessed the diagnostic accuracy of anti-CarP and ACF antibodies were included in our meta-analysis [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Of these, 7 studies, which included 1,749 patients and 1,044 controls, evaluated the diagnostic accuracy of anti-CarP antibody [14] [15] [16] [17] [18] [19] , 5 studies, which included 733 patients and 1,178 controls, evaluated the diagnostic accuracy of ACF antibody [10] [11] [12] [13] 20] , and 4 of 5 studies on ACF antibody, which included 590 patients and 1,070 controls, evaluated the diagnostic accuracy of both anti-CCP and ACF antibodies [10] [11] [12] [13] . Table 1 shows the characteristics of participants in the studies included in the meta-analysis and the assessments of diagnostic accuracy reported. Eleven studies had Table 1 ). We did not perform a subgroup analysis based on the study quality, because this meta-analysis included publications had high QUADAS scores, suggesting that the qualities of included studies were generally high and the risk of bias was a low concern.
Diagnostic accuracies of anti-CarP and ACF antibodies in RA
The sensitivities and specificities of anti-CarP antibody in detecting RA ranged from 26.3% to 55.8% and from 88.9% to 100%, respectively (Table 1, Figure 1 ). The sensitivities and specificities of ACF antibody ranged from 55.8% to 83.4% and from 92.6% to 98.1%, respectively (Table 1, Figure 2 Figure  2 ). Figure 3 shows the performance of anti-CarP and ACF tests in the form of SROC curves. The AUCs and Q* indices of anti-CarP antibody were 0.460 and 0.470, respectively, while those of ACF antibody were 0.954 and 0.896, respectively (Table 3, Figure 3 ).
Anti-CarP and ACF antibodies in anti-CCP antibody-negative RA patients
Anti-CarP antibody positivity ranged from 10.7%∼ 17.3% in individuals negative for anti-CCP. The sensitivity and specificity of anti-CarP antibody for diagnosis of RA were 12% and 91% in anti-CCP-negative patients [8] . The discrepancy among anti-citrullinated protein/peptide antibodies tests including ACF and anti-CCP in RA patients was 29.5% [11] , and 14.55% of the anti-CCP-negative RA patients showed ACF positivity [20] .
Comparison of the accuracies of ACF and anti-CCP in diagnosing RA
Four studies, which included a total of 590 patients and 1,070 controls, evaluated the diagnostic accuracy of both anti-CCP and ACF antibodies [10] [11] [12] [13] . The sensitivities The curve shown is a regression line that summarizes overall diagnostic accuracy. SE: standard error, AUC: area under the curve. Q*, index defined by a point on the SROC curve where sensitivity is equal to specificity; SE (Q*), standard error of the Q* index. (Table 3) . Similarly, there was no difference in the PLRs, NLRs, AUCs, or Q* indices between the ACF and anti-CCP groups in diagnosing RA (Table 3) .
Heterogeneity and meta-regression analysis
Between-study heterogeneity was observed in the meta-analyses of anti-CarP and ACF tests. Cut-off values for anti-CarP and ACF antibodies were different among the studies. A typical "shoulder arm" pattern in the SROC space suggests the presence of a threshold effect. However, this pattern was not seen in the SROC curve. Moreover, the Spearman rank correlation test did not detect a threshold effect in the meta-analyses of anti-CarP and ACF antibodies (anti-CarP: Spearman correlation coefficient=−0.679, p=0.094; ACF: Spearman correlation coefficient=−0.100, p=0.878). Next, we explored heterogeneity arising from factors other than a threshold effect. Meta-regression analysis showed that study quality, sample size, type of control group, publication year, and ethnicities of participants were not the sources of heterogeneity in the meta-analyses of anti-CarP and ACF tests.
DISCUSSION
In this meta-analysis, we analyzed the combined evidence of diagnostic accuracies of anti-CarP and ACF antibodies in RA patients and compared the diagnostic accuracies of ACF and anti-CCP tests. This meta-analysis of 12 studies compared the diagnostic values of anti-CarP and ACF antibodies in the diagnosis of RA, and showed that both anti-CarP and ACF antibodies had high specificities and that the sensitivity and AUC of ACF antibody was comparable to those of anti-CCP tests, but that the sensitivity and AUC of anti-CarP antibody was low. When sensitivity and specificity were considered independently, the sensitivity and specificity of anti-CarP antibody were found to be 43.9% and 94.5%, respectively, while those of ACF antibody were 69.0% and 94.6%, respectively. Antibodies against citrullinated antigens are considered the most specific antibodies for diagnosing RA. However, our data showed that anti-CarP antibody was as specific as ACF antibody. Our data also suggested that anti-CarP antibody was less sensitive than ACF. The Q* index is a useful global estimate of the discriminatory ability of a test. When sensitivity and specificity were considered simultaneously, the Q* index of anti-CarP was 0.460, while that of ACF antibody was 0.880. Our meta-analysis indicated that the overall diagnostic performance of anti-CarP antibody was not good, mainly because of its relatively low specificity, while the diagnostic value of ACF antibody was as good as anti-CCP antibody when we compared both antibodies against citrullated protein.
RA-specific antibodies can be detected several years before the onset of clinical symptoms [32] . Thus, sensitive and specific tests are needed for application during this pre-clinical phase. Like citrullination, carbamylation is another post-translational modification of proteins where cyanate modifies lysine to form homocitrulline through a non-enzymatic process [6] . Carbamylation is not restricted to RA, similar to citrullination, but the generation of antibodies against these modified proteins can precede clinical onset of RA and is associated, independently of anti-CCP antibody, with an increased risk of RA [8] .
Previous studies have shown that anti-CarP antibody was present years prior to the onset of RA symptoms [32] . The sensitivity of detecting anti-CarP antibody in RA patients seems to be slightly lower than that of anti-CCP antibody, but the specificity of detecting anti-CarP antibodies is similar to anti-CCP antibody [8] . Anti-CarP antibodies were also found in anti-CCP-negative RA patients. The presence of anti-CarP antibodies overlapped in most anti-CCP-positive patients, and ∼17.3% of the anti-CCP-negative RA patients displayed anti-CarP antibodies. Thus, the detection of anti-CarP antibody in anti-CCP-negative RA patients may be a useful additional test that identifies anti-CCP-negative patents with RA. Recently, citrullinated fibrin was found in the inflamed synovium of RA patients, while ACF antibody was detected in the sera of these patients [9] . Fibrin accumulation may be harmful to a patient with RA, because fibrin can enhance the production of chemokines and inflammatory cytokines from monocytes [33] , and inhibition of fibrin formation showed beneficial effects in collagen-induce arthritis [34] . Our meta-analysis showed that ACF is a sensitive and specific serologic biomarker for RA: ACF is as sensitive and specific as anti-CCP in diagnosing the disease. ACF and anti-CCP perform similarly in the diagnosis of RA. The ACF and anti-CCP test had a moderate agreement in RA. ACF was found in 14.55% of the anti-CCP-negative RA patients [20] , and 38% of RF-negative RA patients were ACF positive [20] . In addition, both the ACF and the anti-CCP tests were the best predictors for diagnosing RA compared to individual test [13] . Thus, the ACF test may have a potential to be especially valuable in diagnosing seronegative RA. The present study has some limitations that should be considered. First, between-study heterogeneity was observed in this meta-analysis. This between-study heterogeneity may have affected the results of the meta-analysis, and this effect may have been compounded by limited information on the clinical status and disease severity of participants in these studies. We tried to overcome this limitation by using a random-effects model that incorporates uncertainties arising from between-study variation and by performing a meta-regression analysis. Second, the diagnostic accuracy of anti-CarP and ACF antibodies may differ based on their cut-off values in specific assays. Although the Spearman rank correlation test did not detect threshold effects in the meta-analyses of anti-CarP and ACF antibodies, the cut-off values for these antibodies must be optimized. Moreover, further research is required to examine the diagnostic accuracies of anti-CarP and ACF antibodies based on their cut-off values. Third, the studies analyzed included patients with RA of various durations. The diagnostic values of anti-CarP and ACF antibodies may differ in patients with early vs. long-standing RA. Therefore, further research is required to examine changes in the diagnostic accuracy of anti-CarP and ACF antibodies with prolonged disease.
Nevertheless, this study has some strengths of meta-analysis. First, we performed this meta-analysis systematically to evaluate the diagnostic performance of anti-CarP and ACF antibodies for diagnosing patients with RA. The number of patients with RA in individual studies ranged from 63 to 969. However, the pooled analyses included up to 1,749 patients and 1,044 controls. Compared with individual studies, this meta-analysis presents a more accurate assessment of the performance of diagnostic tests by pooling the results of independent analyses for greater statistical power and resolution. Second, this meta-analysis also analyzes variations in the results of different studies and quantifies result inconsistency (heterogeneity) across studies. Thus, it may be an objective and quantitative method, which provides a less biased estimate on the topic.
CONCLUSION
Our meta-analysis demonstrates thatboth anti-CarP and ACF antibodies are highly specific. However, the sensitivity of anti-CarP antibody is low, while the diagnostic value of ACF is comparable to that of anti-CCP. We conclude that, despite the fact that anti-CarP antibody shows low sensitivity in diagnosing RA, both anti-CarP and ACF antibodies are highly specific in diagnosing RA. 
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